amino acids in the control of abscission has led to a reexamination of their effects on the abscission of debladed petioles under greenhouse conditions.
Materials and Methods
Coleus blumnei Benth., Gossypium hirsutumwl L. (Acala Family 132), and Phaseolus vulgaris L. variety Black Valentine bean were grown under greenhouse conditions during the months November through May with minimum temperatures of 240 during the day and 220 during the night. The age of the experimental plant material at treatment was 2 to 5 weeks for bean plants, 5 to 10 weeks for cotton 1 Received August 24, 1964. 2 Present address: Biology Department, Wayne State University, Detroit, Michigan.
plants (6 to 8 weeks for cotton plants used in the radioisotope studies), and approximately 2 to 3 months in the case of Coleus.
In investigations of the effects of chemicals on abscission of bean petiolules, 0.01 ml droplets of the solution (pH = 6) were placed, immediately after deblading upon the cut surfaces of the lateral petiolules (5 mm in length) of first trifoliate leaves of bean. In the case of debladed petioles of Coleus and cotton, the chemicals (with the exception of IAA) were applied in solution in glass capillary tubes of 0.1 ml capacity to the cut surfaces of the petioles immediately after deblading. The capillary tubes were inserted 0.5 cm into the debladed petioles 2 or 4 cm from the abscission zones of cotton and 2.5 cm from the abscission zones of Coleus. Complete uptake from the capillary tubes occurred within 24 to 30 hours after treatment. IAA was applied in cavities (0.5 cm deep) made in the ends of debladed petioles, to ensure uniform movement of the auxin to the abscission layer.
Petioles that were treated with 0. Kertesz (6) and used recently by Nance (9) . The sample of tissue was homogenized at 50 in a tubular glass mortar by a power-driven Teflon pestle. The homogenate was then filtered through moist glass wool. The cell wall residue trapped in the glass wool was washed with cold water and then extracted 4 times with 3 ml of 0.05 N HCl held at 800 for 30 nminutes on a water bath. After each extraction the mlixture was filtered through glass wool. The 4 extracts were combined, 3 ml of 10 % HCI were added, and the pooled extract was filtered through glass wvool into a stainless steel centrifuge tube. 
Results and Discussion
Alanine and glycine, 2 amino acids which have been reporte(d (13) to be miiore effective in promoting abscission in bean explants thani methionine, wvere conmpared wvith the latter compound for their effects on abscission in petiolules of bean. As shown in table I, experiment 1, alanine is mlore effective in an average of 12 days for the controls to less than 3 days. The naturally occurring forms of these 4 amino acids had little or no promotive effects on abscission even at concentrations as high as 0.1 M. Glycine was also tested for its effect on abscission in the same plant material, since this amino acid along with the naturally occurring forms of alanine, aspartic acid, glutamic acid, and serine, were the amino acids reported to be the most effective in promoting abscission in bean explants (13) . Glycine did not promote abscission in debladed petioles of cotton at concentrations as high as 0.10 M. Similar differences in the effects of the D and L forms of alanine, aspartic acid, glutamic acid, and serine on abscission in debladed petioles of Coleuts were also observed. (12) to increase in senescent leaves of Acer platanoides prior to abscission. The failure of glycine and the naturally occurring forms of alanine, aspartic acid, glutamic acid, and serine to promote abscission in debladed petioles of cotton and Coleus may be due to the conversion of these amino acids to acids of the Krebs cycle. It has been suggested (12) that such conversion in the senescent leaves of Acer platanoides does occur. This would explain the absence of an increase in the level of free amino acids such as alanine, aspartic acid, glutamic acid, glycine, and serine in senescent leaves of cotton and maple, even though they are being liberated through proteolysis. In this view amino acids such as leucine, methionine, and phenylalanine which are less easily oxidized would be translocated out of the senescent leaf and may become involved in the abscission processes upon movement through the region of separation. The showedI that the high aimiount of radioactivity in the abscission zone wvas due to the methyl groups transferred to the pectic substances from methionine. As seen in figure 1 , the loss of activity upon saponification is approximately 90 ' of the activity present in the pectic substances extracted from the abscission zone, in(licating that this amount of the original presal)onification activity is in an ester form. The results where miiethionine-3,4-C-14 was applied to the lebladed petioles (fig 1) (fig 2) also show a peak of radioactivity in the abscission zone which is present due to methylation of the l)ectic substances of the abscission zoine. In Colecus, the activity preseint in the 3 regions outside the abscission zone is higher than in the case of cotton. This is (lue to the fact that the labeled amino acidl wvas apl)lie(l only 3 cmii from the abscission zone, thus miiucl closer to the samples taken.
Occasionally, the distribution of activity uras found to be different than in the experiments so far described. In this case an increase of activity in the abscission zone over the rest of the petiole was observed, but the amount of activity in the nodal tissue was higher than the amount in the abscission zone Althouglh nmetlhioninie hlas beeii reporte(I to serv-e -IS ca methyl group donor in -various plant tissues (11, 2, 11, 15) Since the naturally occurring form of phenylalanine also promotes abscission, the distribution of phenylalanine-3-C-14 or derived groups in the pectic substances was examinedl. Experiments in which phenylalanine-3-C-14 was applied to debladed cotton petioles show somewhat similar distribution patterns of radioactivity in the pectic substances extracted from various regions of the petiole. As shown in figure 4 , a high incorporation of radioactivity occurs in the abscission region as well as in the nodal tissue. No loss of radioactivity was observed upon saponification, indicating that phenylalanine is either being incorporated directly into the pectic fraction, or is contributing some nonester group which may result in cl-hanges in the middle lamella or cell wall, leading to abscission. Although a recent study (20) debladed petioles of cotton. The high degree of radioactivity which appears in the abscission zone when phenylalanine is applied alone (fig 4) , is almost completely absent in the presence of IAA. Furthermore, petioles which received IAA showed no signs of abscission as compared with the petioles treated with the amino acid only.
Summary
AMethionine has been found to be an effective promoter of abscission in debladed petioles of cotton and Coleus, and in petiolules of bean except in petiolules of lamina in an early stage of expansion. The D forms of alanine, aspartic acid, glutamic acid, and serine are also very effective in promoting abscission in cotton and Coleuts while the L forms have little or no effect. Both the D and L forms of leucine, methionine, and phenylalanine promote abscission. The response to L-methionine is more rapid than the response to D-methionine.
Experiments using C-14 labeled methionine show high incorporation rates of methyl groups into the pectic fraction of the abscission zone, prior to abscission. Indoleacetic acid which delays abscission, suppresses this incorporation. Similar results have been obtained in experiments using DL-phenylalanine-3-C-14, but it is not established whether this amino acid is donating a nonsaponifiable group or is being incorporated directly into the pectic fraction. These experiments indicate that methionine and phenylalanine may promote abscission by serving as sources of methyl or other groups which are incorporated into the cell wall and middle lamella in the zone of separation.
